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DEVICE 



(57) Hydrogen ion (H+) is injected into a Si (1 1 1 ) sub- 
strate (base substrate) 1 0 at the approximately ambient 
Mature at a doping rate of 1 x 1<XW «* a tan 
accelerating voltage of 10keV. As a result, an o njec 
tion layer whose ion concentration .s locally high is 
oL fat the depth h '—■ 100nm from the surface (ion 
injection plane) by injecting ion. About SOOnm « *GjN 
buffer layer 20 is formed on the ion injection front erf he 
Si substrate 10, and about 200um of gall.um nitr.de 



(GaN) layer 30 is deposited thereon as an objective 
semiconductor crystal. In this crystal growing process, 
heTsubstrate 10 is ruptured at the ion inject^ .layer 
and is finally separated into about 1 0Onm of th.n Mm part 
11 and a main part of the Si substrate 1 0. According to 
this method for producing a semiconductor crystal, a 
single crystalline gallium nitride (GaN) which has more 
excenenTcrystallinity and less cracks than a convention- 
al one can be obtained. 



FIG. 4 
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Description 

Technical Field 

[0001] The present invention relates to a crystal 
growth method of semiconductor by growing a semicon- 
ductor material on a base substrate in order to obtain a 
semiconductor crystal. The semiconductor material is 
different from the material of the base substrate. 

Background Art 

[0002] As shown in FIG. 4 and as is widely known, 
when a gallium nitride (GaN) formed by crystal growth 
on a silicon substrate is cooled to ambient temperature, 
a number of dislocations and cracks are generated in 
the grown GaN layer. 

[0003] When a number of dislocations and cracks are 
generated in the grown layer, a number of lattice de- 
fects, dislocations, deformation, cracks, etc., are gener- 
ated in a device fabricated thereon from the semicon- 
ductor layer, thereby deteriorating device characteris- 
tics. 

[0004] When the silicon (Si) substrate except for the 
grown layer is removed so as to obtain a free-standing 
substrate, the substrate cannot have larger area (1cm 2 
and bigger) because of dislocations and cracks de- 
scribed above. 

[0005] In order to obtain a semiconductor crystal hav- 
ing excellent quality by employing, for example, such a 
hetero epitaxial growth, the following methods had been 
used as conventional methods. 

(Prior Art 1) 

[0006] A low-temperature deposition buffer layer is 
formed on a substrate. In this method, a group III nitride 
compound semiconductor such as AIGaN, AIN, GaN 
and AIGalnN is deposited at a low temperature to be a 
buffer layer which relaxes inner stress owing to differ- 
ence of lattice constants. 

(Prior Art 2) 

[0007] In this method, a material whose lattice con- 
stant is comparatively close to that of an objective grown 
semiconductor crystal is chosen to form a crystal growth 
substrate. When the objective semiconductor crystal is, 
for example, a single crystalline gallium nitride (GaN),' 
silicon carbide (SiC) may be used to form the crystal 
growth substrate. 

Disclosure of the Invention 

[0008] Stress generated between an objective semi- 
conductor crystal and a substrate, however, cannot be 
relaxed sufficiently even by forming the buffer layer. In 
short, the buffer layer described above can relax only a 



part of the stress. So when gallium nitride (GaN) is 
formed on a sapphire substrate by employing crystal 
growth, for example, considerable number of defects 
may be generated in the objective semiconductor crys- 
5 tal (gallium nitride layer) even a GaN low-temperature 
deposition buffer layer is used. 

[0009] When a substrate whose lattice constant is 
close to that of an objective semiconductor crystal is 
used, stress owing to difference of lattice constants may 
io be relaxed but there remains difficulty in relaxing stress 
owing to the difference of thermal expansion coeffi- 
cients. As a result, considerable numbers of defects 
may be generated in an objective semiconductor crystal 
(gallium nitride layer) in a process of lowering the tern- 
's perature after crystal growth. 

[0010] Cracks are also generated and that makes it 
difficult to obtain a free-standing semiconductor crystal 
having a large area. 

[0011] The present invention has been accomplished 
20 in order to overcome the aforementioned drawbacks. 
Thus, an object of the present invention is to produce a 
high quality semiconductor crystal having low disloca- 
tion density and no cracks and which have excellent 
characteristics. 

25 [0012] In order to overcome the above-described 
drawbacks, the followings may be useful. 
[0013] That is, the first aspect of the present invention 
provides a method forcrystal growth of a semiconductor 
which is grown on a base substrate and is made of dif- 
30 ferent semiconductor material from that of the base sub- 
strate, comprising a step of injecting ion into the base 
substrate from the crystal growth front before carrying 
out crystal growing process of the semiconductor. 
[0014] The second aspect of the present invention is 
35 a method according to the first aspect, wherein a portion 
or the entire portion of the base substrate is ruptured by 
heating or cooling the base substrate after the crystal 
growth process. 

[0015] The third aspect of the present invention is a 
to method according to the first or second aspect, wherein 
ion is injected to depth of 20u.m or less from the crystal 
growth front. 

[0016] The fourth aspect of the present invention is a 
method according to any one of the first to third aspects, 
45 wherein hydrogen ion (H+) or helium ion (He + ) is used 
as the ion injected to the base substrate. 
[0017] The fifth aspect of the present invention is a 
method according to any one of the first to fourth as- 
pects, wherein injection amount of ion injected from the 
50 crystal growth front per unit area is 1 x lO^r/cm 2 ] to 1 
x102°[/cm2j. 

[0018] The sixth aspect of the present invention is a 
method according to any one of the first to fifth aspects, 
wherein the base substrate is made of at least one se- 
55 lected from the group consisting of silicon (Si), sapphire 
(Al 2 0 3 ), silicon carbide (SiC), gallium arsenide (GaAs), 
zinc oxide (ZnO), neodymium gallium oxide (NdGa0 3 ), 
lithium gallium oxide (LiGa0 2 ) and magnesium alumi- 
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a method according to any one of the first to s.xth as- 
pects, wherein a group III nitride compound semicon- 
ductor is applied as the semiconductor material 
moTo As used herein, the term "group III nitr.de com- 
pound semiconductor" genera.ly refers to a b.nary 
nary, or quaternary semiconductor having arbitrary 

? g ^'uf niSde compound semiconductor of the 
present invention also encompasses such spec.s ob- 
taining a small amount of p-ty P e or n-type dopant which 
scarcely effects the composition ratios x and y. 
moS] Accordingly, the "group III nitride compound 
iemicono^or ofthe present invention is, for example, 
a binary ortemary "group ... nitride compound sem.con 
ductor"it encompasses, needlessto mention, AINGaN 

and?nN and AIGaN, AlInN and GalnN having arb.trary 

such species containing a small amount of p-type , or n 
type dopant which scarcely affects the composite ra- 
tios of each semiconductor. 

m 022 ] m the present specification, the "group 111 n, 
ride compound semiconductor" also encompasses 
semiconductors in which the aforement.oned Group III 
Sements (Al Ga. In) are partially substituted by boron 
S the urn etc' or in which nitrogen (N) atoms are 
pa rt Lllysubstitutedbypho S phorus(P),arsen l c(As),an- 

timonv (Sb), bismuth (Bi), etc. 

rS Examples of the p-type dopant wh.ch can be 
[ added include at least one of magnesium (Mg) and cal- 
[SrExamp.es of the n-type dopant which can be 
added include at least one of silicon (S.), sul^r S), se- 
lenium (Se), tellurium (Te), and germanium (Qe). 
0025] These dopants may be used in comb.nat.om f 
S° o or more species, and a p-1ype dopant and an n-type 
dopant may be added simultaneously. 
[0026] The eighth'aspect of the present invention .s a 
Sod according to any one of the first to > seven* , as - 
nects wherein the base substrate is treated by hea 
Sent after ion injecting process and before crystal 

^TreTnthaspect of the present invention is a 
semiconductor light-emitting device comprising at least 
a semiconductor crystal which is produced by a method 
according to any one of the first to eighth aspects as a 

produce a semiconductor light-emitting device by ^ 
p.oying crystal growth in which a semiconductor ^crystal 
produced by a method according to any one of the f^st 
to eighth aspects is at least used as a crystal growth 

?0029] ate The aforementioned problems may be solved 
Ly employing these aspects of the present invention. 
[0030] By adjusting the accelerating voltage level of 



ion to be constant at the entire surface of the base sub- 
strate to which ion is injected and keeping the acceler- 
ating voltage constant for a certain time, the depth from 
surface of the base substrate to which ions are m- 
s ected (ion injection front) may be kept approximate^ 
constant. In short, by injecting ion like that, the depth of 
injecting ion at which ion concentrate becomes maxi- 
mum (depth h at the maximum ion concentrat.cn) ■ ap- 
^Timatelyinproportiontoacceleratingy^ 
10 depth becomes approximate* uniform at the entire ^su 
face of the ion injection front. The layer which is ar- 
ranged ear depth h at the maximum ion concentra .on 
and whose ion concentration is locally high .s called .on 

Is its Physical condition by such as expans.cn and I evap- 
oration in the heating process. And such change n 
physical condition is remarkably .arger compare I with 
other change in condition caused by such as therma. 
20 expansion of the base substrate. 

[0032] When the base substrate into wh.ch ions are 
njected is used as a crystal growth substrate, the base 
substrate h partially ruptured at the ^^ cZ 
owing to crystal growth temperature and heating , orcool 
05 inn D rocess The ruptured base substrate .s f.nally sep- 
Sd ntc a thin l£n part which is at the ion injection 
front side of the base substrate and a main part of the 

"ool^Le the thin film part is very thin and par- 
so laity separated from the substrate, stress owing to drf- 
ference of lattice constants hardly affect the objective 
"ductor layer grown on the thin film. That en. 
bles the objective semiconductor crystal to have more 
excellent crystallinity than that of the convenfonal sem- 

35 r^FuXT in the cooling process after crystal 
!2g Process because the substrate (thin film part) 
i? very thin and partially separated from the base sub- 
strate Lss owing to difference of thermal expansion - 
40 coefficients of the objective semiconductor crysta. 
forLd on the thin film part and the base substrate sep- 
arates the base substrate at the ion injection layer *to 
the thin film part which is at the .on injection f ront _s.de 
andthemain part of the base substrate in comparatively 
45 earner stage of the cooling process. Because of that 
after the separation process stress owing to d.fference 
thermal expansion coefficients hardly ^affect the ^thin 
film part and the semiconductor crystal deposrted ther- 

so r00351 By employing those procedures, the present 
Sveln can supply a high quality semiconductor crys- 
tal which has no cracks and fewer dislocat.ons. 
[0036] Here depth (depth h at the maximum ion con- 
centration) of injecting ion is preferabry sma ler than 
55 thickness of the objective semiconductor crysta Gen- 
erally an absolute standard of depth h .s preferably 
20urn or less. When depth h is too large, stress men- 
tioned above cannot be relaxed sufficiently. 
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[0037] Well-known materials for crystal growth sub- 
strate are used to form the base substrate. By using ma- 
terials such as silicon (Si), sapphire (Al 2 0 3 ), silicon car- 
bide (SiC), gallium arsenide (GaAs), zinc oxide (ZnO), 
neodymium gallium oxide (NdGa0 2 ), lithium gallium ox- 
ide (LiGa0 2 ) or magnesium aluminum oxide (MgAljCy 
for a crystal growth substrate (the base substrate de- 
scribed above) in crystal growing process, actions and 
effects of the present invention can be obtained. 
[0038] Through employment of the aforementioned 
aspects of the present invention, the aforementioned 
drawbacks can be overcome effectively and rationally. 



Brief Description of the Drawings 
[0039] 

FIGS. 1 A-1 B are schematic cross-sectional views 
of a semiconductor according to the present em- 
bodiment. 

FIG. 2 is a graph showing the relationship between 
number (concentration) of injected ion and depth of 
the injected ion according to the present invention. 
FIG. 3 is a graph showing the relationship between 
depth (depth h at the maximum ion concentration) 
of ion injection and injection energy of ion. 
FIG. 4 is a schematic cross-sectional view showing 
crystal growth condition of a conventional semicon- 
ductor crystal. 

Best Mode for Carrying Out the Invention 

[0040] Embodiments of the present invention will next 
be described with reference to the drawings. Character- 
istic features of the present invention have been de- 
scribed above, and the present invention is not limited 
to the below-described specific embodiments. 

(1) Producing an ion injection substrate (base substrate) 

[0041] Hydrogen ion (H + ) is injected into a Si (111) 
substrate (base substrate) at a doping rate of 1 x 10 16 / 
cm 2 and an accelerating voltage of 1 0keV at an approx- 
imately ambient temperature (FIG. 1 A). 
[0042] FIG. 2 is a graph illustrating the relationship 
between the number (concentration) of injected ion arid 
depth of injecting ion at this time. By injecting ion, as 
shown in FIG. 2, an ion injection layer whose ion con- 
centration is locally high is formed at the depth around 
100nm from the surface (ion injection plane). 

(2) GaN/Si crystal growth 

[0043] Then the following crystal growth is carried out 
through metal-organic vapor phase epitaxy (hereinafter 
called "MOVPE"). 

[0044] About 300nm of AIGaN buffer layer 20 is 
formed on the ion injection plane of the Si substrate 



(base substrate) 10 at the temperature of 1100°C, and 
about 200um in thickness of gallium nitride (GaN) layer 
30, or an objective semiconductor crystal, is grown ther- 
eon at the temperature of 1050°C (FIG . 1B). In this heat- 
5 ing up process before crystal growth, the Si substrate 
10 is ruptured at the ion injection layer which is placed 
at the depth h of around 100nm from the surface (ion 
injection plane) and is finally separated into about 
100nm in thickness of thin film 11 and a main portion of 
10 the Si substrate 10 in the cooling process after crystal 
growth. 

[0045] By employing this method for producing a sem- 
iconductor crystal, a single crystalline gallium nitride 
(GaN) which has more excellent crystallinity than that of 
'5 a conventional one and has no crack can be obtained. 
[0046] Accordingly, by employing such an excellent 
single crystalline to a portion of a semiconductor light- 
emitting device, e.g., to a crystal growth substrate, it be- 
comes possible or easier to produce a semiconductor 
20 product, e.g, a semiconductor light-emitting device and 
a semiconductor light-receiving device, which has a 
high luminous efficiency and whose driving voltage is 
more decreased compared with a conventional device. 
[0047] Also, by employing such an excellent single 
25 crystalline, it becomes possible or easierto produce not 
only a luminous device but also semiconductor electron 
device such as a semiconductor power device having a 
high voltage-withstand-characteristic and a semicon- 
ductor high-frequency device which works to a high fre- 
30 quency. 

[0048] Then ranges for a modified embodiment of the 
present invention independent from the above embodi- 
ment are explained hereinafter. 

[0049] Each range for modified embodiment can be 
35 also applied to the above described embodiment. 

[0050] For example, metal-organic vapor phase epi- 
taxy (MOVPE) is employed in the above embodiment. 
Alternatively, crystal growth of the present invention 
may be carried out through halide vapor phase arowth 
^o (HVPE). 

[0051] Also helium ion (He+) in place of hydrogen ion 
(H + ) may be used to obtain action and effect of the above 
embodiment. 

[0052] Doping amount of hydrogen ion may be, al- 
« though it depends on a material used to form the base 
layer, about 1 x 10i5r/ cm 2 ] to 1 x lO^r/cm 2 ] to obtain 
approximately the same action and effect as those of 
the above embodiment. Mo re preferably, doping amount 
of hydrogen ion may be about 3 x 10 15 f/cm 2 ]to 1 x10 17 
50 [/cm 2 J, and further preferably, it may be about 8 x 10 15 
[/cm 2 ] to 2 x 1 0isr/cma]. When a range Qf dopjng 
of hydrogen ion is proper, the thin film part and the main 
part of the base substrate can be separated in the crystal 
growing process. 
55 [0053] When doping amount of hydrogen ion is too 
small, it becomes difficult to securely separate the thin 
film part from the base substrate. When doping amount 
of hydrogen ion is too big, the thin film part may be large- 
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ly damaged and it becomes difficult to separate he th n 
flim part which is in a form of one sheet with substantially 
uniform thickness from the base substrate. 
rO0541 Alternatively, the thickness of the thin film part 
separated from the base substrate can be controlled by 
vagina the incident energy. FIG. 3 illustrates the result 
of measuring depth (depth h at the maximum ion con- 
centration) of injecting ion toward injection energy of .on. 
Accordingly, for example, because the depth of .or .in- 
jection (depth h at the maximum .on concentration) is 
approximately in proportion to injection energy of ion, 
the thickness of the thin film part may be control properly 
by adjusting the amount of incident energy (accelerat.no. 

[0055]°' By carrying out heat treatment after ion injec- 
tion process before crystal growing process, a partial 
ruptured part (void) is formed at the ion inject.on laye 
in advance and crystallinity of the ion inject.on part of 
the base substrate, which is damaged by ion irrad.at.on, 
can be recovered. As a result, crystallinity of a semicon- 
ductor which may be formed thereon may be improved. 
[0056] Thickness of the thin film part may preferably 
20um or less. The thinner the thin film part is, the more 
tensile stress toward the objective grown semiconductor 
crystal is relaxed, and that can decrease generat.on of 
dislocations or cracks in the the objective grown sem,- 
conductor crystal. More preferably, thickness of the th n 
film part may be 2um or less, and further preferably, 
200nm or less. In orderto obtain the thin film part hav.ng 
such an optimum thickness, ion injection energy (accel- 
erating voltage) may be controlled in accordance with 
the graph in FIG. 3 so that the depth when the numbers 
of injected ion becomes its peak corresponds to the de- 
sired thickness of the thin film part. 
r00571 When the ion injection layer becomes too thick, 
It becomes difficult to control thickness of the th.n f.lm 
part. So thickness of the ion injection layer may be de- 
termined carefully. 

ro0581 Although thickness of the ion injection layer 
cannot be strictly defined, the full width half maximum 
in the characteristics of the numbers of injected ion in 
FIG 2 for example, may be used as one standard. The 
thinnerthe ion injection layer is, the easierthe thickness 
of the thin f ilm part of the base substrate becomes to be 

raO^T Accordingly, in orderto control thickness of the 
thin film part precisely, a method for keeping the energy 
of ion injection (accelerating voltage) constant as much 
as possible may be useful. 

[0060] Relatively, it is preferable that thickness of an 
objective semiconductor crystal which is formed by crys- 
tal growth is approximately the same or larger than that 
of the thin film part. By employing such cond.t.on, it be- 
comes easier to relax stress toward the objective sem- 
iconductor crystal, to thereby control generation of dis- 
locations and cracks in the semiconductor crystal more 
remarkably compared with a conventional mvent.on. 
This stress relaxing effect grows larger according to that 



thickness of the objective semiconductor crystal grows 
relatively thicker. Although it depends on condrt.ons 
such as thickness of the thin film part, this stress relaxing 
effect is almost saturated with about 50um to 200um of 
5 the objective grown semiconductor crystal when thick- 
ness of the thin film part is 20um or less. 
r0061l In the present invention, kinds (materials) of 
the base substrate and the objective semiconductor 
crystal have no special limitation. So the present inyen- 
10 tion, including the above-described arbitrary comb.na- 
tion of each material of the base substrate and the sem- 
iconductor crystal, can be applied to well-known and ar- 
bitral kind of hetero epitaxial growth. 
[0062] While the present invention has been de- 
15 scribed with reference to the above embodiments as the 
most practical and optimum ones, the present invent.on 
is not limited thereto, but may be modified as appropri- 
ate without departing from the spirit of the invent.on. 



Claims 

1 A method for crystal growth of a semiconductor 
which is grown on a base substrate and is made of 
.5 different semiconductor material from that of the 
base substrate, comprising a step of: 

injecting ion into said base substrate from a 
crystal growth front before carrying out crystal 
30 growing process of said semiconductor. 

2 A method for crystal growth of a semiconductor ac- 
cording to claim 1 , wherein a portion or the entire 
portion of said base substrate is ruptured by heating 
35 or cooling said base substrate after said crystal 
growth process. 

3. A method for crystal growth of a semiconductor ac- 
cording claim 1 or 2, wherein ion is injected to depth 
40 of 20um or less from said crystal growth front. 

4 A method for crystal growth of a semiconductor ac- 
cording to any one of claims 1 to 3, wherein hydro- 
gen ion (H + ) or helium ion (He + ) is used as the ion 

45 injected to said base substrate. 

5 A method for crystal growth of a semiconductor ac- 
cording to any one of claims 1 to 4, wherein inject.on 
amount of ion injected from said crystal growth* ront 
per unit area is 1 x 1 0^ S[/cm*] to 1 x 1 0*° [/cm*]. 

6 A method for crystal growth of a semiconductor ac- 
cording to any one of claims 1 to 5, wherein said 
base substrate is made of at least one selectedf rom 

55 the group consisting of silicon (Si), sapphire 
(AL0 3 ) silicon carbide (SiC), gallium arsenide 
(GaAs) zinc oxide (ZnO), neodymium gallium oxide 
(NdGa6 3 ), lithium gallium oxide (LiGaQ 2 ) and mag- 
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nesium aluminum oxide (MgAI 2 0 4 ). 

7. A method for crystal growth of a semiconductor ac- 
cording to any one of claims 1 to 6, wherein a group 

III nitride compound semiconductor is applied as 5 
said semiconductor material. 

8. A method for crystal growth of a semiconductor ac- 
cording to any one of claims 1 to 7, wherein said 
crystal growth front of said base substrate is treated 10 
by heat treatment after ion injecting process and be- 
fore crystal growing process. 

9. A semiconductor light-emitting device comprising at 
least a semiconductor crystal which is produced by '5 
a method for crystal growth of a semiconductor ac- 
cording to any one of claims 1 to 8 as a crystal 
growth substrate. 

10. A semiconductor light-emitting device produced by 20 
employing crystal growth in which a semiconductor 
crystal produced by a method for crystal growth of 

a semiconductor according to any one of claims 1 
to 8 is at least used as a crystal growth substrate. 
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